Aim: Laparoscopic pancreatic surgery is a minimally invasive technique that has been widely applied only in the past decade. The purpose of this study was to evaluate its safety and assess whether laparoscopic distal pancreatectomy (LDP) is cost-effective compared with open distal pancreatectomy (ODP). Methods: The medical records of patients treated for leftsided pancreatic lesions were retrospectively analysed, and the analysis of costs for hospital stay, operative time, and equipment were analysed. Twelve patients underwent LDP, while 12 patients underwent ODP. Results: The two groups were homogeneous according to age, ASA score, BMI, and distribution of pathological findings. Both the size of the specimen (5.33 ± 3.2 vs. 5.58 ± 2.57 cm) and the number of removed lymph nodes (10.5 ± 4.3 vs. 12.1 ± 3.1) did not differ. Although LDP required a longer operative time (197.5 ± 33.7 vs. 122.5 ± 35.4 min), intraoperative bleeding, postoperative pain intensity (measured by VAS scale) and hospital stay were significantly reduced. Conclusion: The mini-invasive approach offers several advantages compared with open surgery, including a significant reduction of blood loss and postoperative pain, and an earlier recovery. The global costs of laparoscopic surgery should be carefully re-evaluated, considering the saving that arises from these advantages.
INTRODUCTION
Advances in laparoscopic technologies have greatly expanded the use of this technique in general surgery. The benefits of laparoscopic or minimally invasive surgery (better cosmesis, reduced postoperative pain, and faster recovery) are well known for many diseases, but reduced trauma to the abdominal wall is particularly evident in pancreatic surgery. [1, 2] However, surgery of the pancreas is still challenging, and although the first reported case of laparoscopic approach in pancreatic disease was in 1994, it has been widely applied only in the past decade. [3] [4] [5] Open surgery is still performed because of the anatomy of pancreas, limitations of team skills, and some early concerns regarding oncologic outcomes. [6] Nevertheless, minimally invasive surgery has been increasingly adopted, particularly for benign or low-malignancy pancreatic tumours of the left pancreas. Several retrospective studies confirmed laparoscopic distal pancreatectomy (LDP) as a feasible and safe technique, even if no randomized controlled trials (RCTs) comparing open distal pancreatectomy (ODP) and LDP are available. Furthermore, it has been argued that costs for reduced hospital length of stay (LoS) are counterbalanced by the increased operative costs of LDP. [7] The purpose of our study was to evaluate the safety of our standardized minimally invasive technique and assess if LDP is a cost-effective procedure compared to ODP.
METHODS

Study design and population
The medical records of all patients treated for leftsided pancreatic lesions (with or without splenic preservation), between April 2013 and March 2015, at the Department of Oncologic Surgery at the Humanitas Gavazzeni Institute of Bergamo (Italy), were retrospectively analysed. Patients with both benign and malignant lesions were included in the study. Cases with insufficient data for analysis or that entailed simple tumour enucleation were excluded, as were those in which additional organ resections were performed during the same operation. All cases were discussed in a multidisciplinary gastrointestinal tumour board prior to surgery. Demographics and intraoperative and postoperative data were recorded in an ad hoc database.
The American Society of Anaesthesiologists (ASA) score was reported, [8] and body mass index (BMI) was calculated for each patient. Intraoperative blood loss, operative time, hospital LoS, postoperative morbidity, perioperative mortality (within 30 days from surgery), and 30-day readmission rates were also recorded. The level of pain reported was recorded three times per day on postoperative days 1 and 2, using the standard visual analogic scale (VAS). The presence of a postoperative pancreatic fistula was assessed according to the 2005 International Study Group on Pancreatic Fistula (ISGPF) criteria. [9] Analysis of costs included the expenses for the hospital stay, operative time and equipment (surgical staplers and energy devices), pharmaceutical treatment, nursing, and laboratory and pathology fees. No post-discharge care or home-nursing costs were included.
Surgical technique
All pancreatic resections were performed by experienced surgeons using a standardized technique. The LDP patients were placed in the lithotomic position, with the operator placed between the patient's legs. The operation was performed through four ports: umbilical, subxyphoid, and both subcostal positions in the mid-clavicular line so as to avoid trauma to the epigastric vessels [ Figure 1 ]. The devices included a harmonic scalpel (Harmonic ACE ® , Ethicon EndoSurgery, Cincinnati, OH, USA) used for dissection. Intraoperative ultrasound was used if needed to localize the tumour. In cases without splenic preservation, a vascular stapler was used to divide the splenic vein and two Hem-o-lok ® (Teleflex Medical Europe Ltd., IDA Business and Technology Park, Athlone, Ireland) clips were applied on the splenic artery. Division of the pancreas was performed using a stapler. The specimen was placed in an Endopouch Retrieval Bag ® (Ethicon EndoSurgery, Cincinnati, OH, USA) and removed through a slightly enlarged periumbilical incision or a Pfannenstiel incision for large specimens.
For the open approach, patients were placed in the supine position and a left subcostal incision was used. The additional cost for the use of Harmonic Focus + Long Shears ® (Ethicon EndoSurgery, Cincinnati, OH, USA) was calculated. The pancreatic stump was treated with a stapler, similarly to the laparoscopic approach.
A close suction drain was placed in all cases and The enhanced recovery-after-surgery (ERAS) programme, including early oral intake, mobilization, and specific instructions for the management of drains and nasogastric tubes, was applied in all patients. [10] 
Statistical analysis
The data are reported as mean ± standard deviation (SD). To compare continuous and dichotomized variables, we used the Mann-Whitney U-test (assuming that the data were not normally distributed) and the Fisher exact probability test (because most cell frequencies were ≤ 5), respectively. The relationship between parameters was evaluated using Pearson's correlation coefficient calculation, and the relation line equations were also obtained. A P-value < 0.05 was considered statistically significant.
RESULTS
Twelve patients (6 men and 6 women, median age 68, range 57 to 78 years) underwent LDP (group A), while 12 patients (5 men and 7 women, median age 71, range 59 to 79 years) underwent ODP (group B), for benign or malignant diseases. Table 1 reports the main population characteristics and shows that the two groups were homogeneous (P = NS) with respect to age, male/female ratio, ASA score, and BMI. In addition, the pathological findings did not differ (P = NS) between groups. Pancreatic neuroendocrine tumour (NET) was the main diagnosis (5 in LDP group and 4 in ODP), followed by cystic tumours (2 serous and 1 mucinous in LDP vs. 2 serous and 2 mucinous in ODP). Other findings in the LDP group included two intraductal papillary mucinous neoplasms (IPMN), one hematoma, and a lymphoepithelial cyst, whereas one ductal adenocarcinoma, one IPMN, an epithelial cyst, and an inflamed pancreas were found in the ODP group. The intra-and postoperative results are displayed in Table 2 . Both the size of the specimen (5.33 ± 3.2 vs. 5.58 ± 2.57 cm, P = 0.8033) and the number of the removed lymph nodes (10.5 ± 4.3 vs. 12.1 ± 3.1, P = 0.3071) were similar (P = NS). In three cases of LDP, the size of the lesion was more than 8 cm and required a Pfannenstiel incision for extraction of the surgical specimen. None of the patients in the LDP group were converted to an open approach.
Laparoscopic pancreatectomy required a longer operative time (197.5 ± 33.7 vs. 122.5 ± 35.4 min, P = 0.00034). However, in this group of patients both postoperative pain intensity measured by a VAS scale (P = 0.0009) and the hospital stay (P = 0.0014) were significantly reduced, and the patients had an earlier bowel canalization (48 ± 23 vs. 92 ± 17 h, P = 0.001) [ Table 2 ]. Table 3 summarizes correlations between operative time (OT) or hospital LoS and age, BMI, and intraoperative bleeding (IB), to evaluate whether there is any relationship between main variables. In both groups (LDP vs. ODP) the age did not affect operative time (R = 0.338, P = 0.226 vs. R = 0.9002, P = 0.996), which was related to the intraoperative bleeding (R = 0.797, P = 0.002 vs. 0.616, P = 0.003). A significant relationship between LoS and age (R = 0.578, P = 0.040) and between the operative time and BMI (R = 0.787, P = 0.002) was found only in group ODP [ Figure 2A and B]. 
DISCUSSION
The laparoscopic approach to pancreatic surgery has been utilized increasingly in the last decade, as a result of the evolution of minimally invasive technologies and the increasing numbers of pre-malignant and incidentally detected pancreatic lesions. [11] However, a population-based analysis on the Nationwide Inpatient Sample (NIS) found that, during the period 1998 to 2009, only 4.3% of distal pancreatectomies were performed with a minimally invasive approach. [12] Technical difficulties, due to the retroperitoneal location of the pancreas and the scarcity of highvolume skilled surgical teams, as well as the need to maintain oncologic standards, were major obstacles to the adoption of the laparoscopic approach. [5] More recently, several studies and meta-analyses have shown that LDP is a safe procedure, with improved outcomes and reduced hospital stays. [13] [14] [15] [16] Cao et al. [12] in their population-based retrospective cohort study reported a reduction of 1.22 days in LoS associated with minimally invasive surgery, with no differences in the perioperative mortality and total hospital costs. Furthermore, lower rates of infectious complications (30.1% vs. 39%) and bleeding complications (13.1% vs. 20.6%) were reported in LDP vs. ODP. Unfortunately, no randomized controlled trials (RCTs) comparing the two approaches are available, and all favourable results are reported in retrospective cohortlike or case-control studies. [17] Our retrospective analysis was performed on a series of well-matched patients, with comparable demographics and similar histologic findings [ Table 1 ]. In our experience, pancreatic NET and cystic tumours were the main result at definitive histology, and a distal minimally invasive pancreatic resection was the surgical approach of choice for such indolent malignancies. The treatment of these rare diseases requires expertise in both pancreatic surgery and advanced laparoscopy, but unfortunately, the number of retrospective reports is limited, and the complete information, including tumour size and margin status, are often missing. [18] However, the progressive centralization of the surgical treatment of patients with pancreatic disease in specialized and high-volume centres will favour implementation of the procedure and data availability. A multicentre analysis, performed in 2010 by Kooby et al., [6] reported similar oncologic results between LDP and ODP, with no differences in terms of overall survival and lymph node yield. Similarly, DiNorcia et al. [19] in 130 resections for PNET, reported no differences in morbidity, mortality, or overall survival (OS), between the laparoscopic and open approach.
An important issue concerning oncologic effectiveness of minimally invasive surgery is that of achieving microscopically negative margins (R0) and an adequate number of harvested lymph nodes. Several reports have addressed this topic, and different comparative studies found no significant differences of R0 rates between laparoscopic and open techniques (74-97% vs. 73-96%). [20] Abu Hilal et al. [21] reported a 76% of R0 and a median of 15 sample nodes, suggesting that their standardised technique was a reasonable and safe procedure in left-sided malignancies. Shin et al. [22] reported a rate of R0 resections of 82.9% in 152 left pancreatic lesions, with a median size of 3 cm, removed with minimally invasive access. Another recent series of distal pancreatectomies showed similar results in terms of R0/R1/R2 rates, and a median of 16 harvested lymph nodes in LDP vs. 14 in ODP. [13] Fernandez-Cruz et al. [23] performed 27 LDP, achieving an R0 resection in 90% of ductal adenocarcinomas, and removing a median of 6 lymph nodes in the LDP group vs. 8 in the ODP group. Interestingly, in our series, the number of removed lymph nodes was similar and adequate in both groups, despite benign and malignant diseases having been included (10.55 ± 4.3 vs. 12.08 ± 3.12, P = NS). Notably, data on pancreatic ductal adenocarcinoma suggest that a minimum of 12 lymph nodes should be excised to ensure adequate nodal assessment. [24] However, this point is still debated, and the oncologic effectiveness of the minimally invasive approach still worries some surgeons. In the USA, high-volume centres perform distal pancreatectomies with minimally invasive techniques, either laparoscopic or robotic, unless there are clear contraindications present. However, according to a recent survey, 31% of European surgeons still prefer ODP for oncologic purposes. [12, 25] In our series, ASA score and BMI were similar in the two groups and, in contrast to other studies, patients who were treated with LDP had similar tumour size as those treated with open approach (5.33 ± 3.2 vs. 5.58 ± 2.57 cm, P = NS). In previous studies, the laparoscopic approach was primarily used for small benign lesions or indolent malignancies. In a series of 360 distal pancreatic resections, 71 were totally laparoscopic but had a significantly smaller median tumor size (2.5 cm in LDP vs. 3.6 cm in the ODP group). [26] Similarly, another systematic review reported a mean tumor size of 3.5 cm in LDP vs. 3.9 cm in ODP. [27] In our experience, the size of the specimen was not a contraindication or a major obstacle to laparoscopic approach, but had an impact on the duration of surgical intervention. It is noteworthy that there is a recent trend toward an increased size of the excised lesions (4.0 ± 2.8 cm vs. 3.3 ± 1.5 cm) noted in the literature. [20] Consistent with previous studies, [14, 15] our operative time for LDP was longer than for ODP (median 195.5 vs. 112.5 min). Shin et al. [22] reported a median operative time of 195 min for LDP, whereas Braga et al. [28] reported a median duration of surgery of 239 min for LDP, significantly higher than that for ODP (213 min), but their series included a high rate (30%) of adenocarcinomas. Another group reported a longer operative time for LDP (376 min vs. 274 min). [29] In our series, the higher operative time was related to one operation (285 min) in an obese patient with diffuse adhesions, and three cases in which the size of the specimens necessitated a Pfannenstiel incision, also lengthening the duration of surgery. Interestingly, we found that in both groups age did not affect operative time, which was related to intraoperative bleeding, whereas a significant relationship between the operative time and BMI only occurred in the ODP group.
Undoubtedly, standardization of the technique and expertise of the surgical team is crucial. Another systematic review found no difference in operative time on 488 patients treated laparoscopically and 573 cases with open approach (mean 220.4 vs. 208.6 min). [27] In agreement with previous studies and metaanalyses, we encountered lower intraoperative blood loss in the minimally invasive group. A wide populationbased analysis reported a lower rate of bleeding complications in LDP (13.1% vs. 20.6%) and also a reduction of transfusion rate (11.3% vs. 18%). [12] However, the reported blood loss varies widely between studies, and may be related to the surgical technique or to the accuracy of the quantification of the bleeding. Jusoh et al. [27] reported a mean operative blood loss of 237.4 mL in LDP versus 562.4 mL in ODP, whereas Limongelli et al. [30] found a blood loss of 160 ± 185 mL vs. 365 ± 215 mL, respectively. Interestingly, Rutz et al. [7] reported an estimated blood loss of 113 ± 155 mL in LDP vs. 210 ± 274 mL in ODP, further differentiating blood loss between a totally laparoscopic approach (LDP, 76 ± 71 mL) and laparoscopic hand-assisted distal pancreatectomy (LHDP, 197 ± 244 mL). Very recently, a meta-analysis of short-term outcomes between LDP and robotic-assisted distal pancreatectomy (RADP) found a lower blood loss and a higher rate of spleen-preserving procedures in RADP. [31] Thus, the technological improvements and the magnified view during laparoscopy are crucial for control of bleeding. Nevertheless, lower rates of bleeding where found in a surgical series that excluded malignancies, suggesting a major role for the size and histology of the tumor. [32] Concerning morbidity, a large population-based analysis reported a 25% reduction of overall perioperative complications, particularly related to a lower rate of postoperative infections (30.1% vs. 39%) and bleeding complications (13.1% vs. 20.6%). [12] Similarly, Venkat et al. [14] reported a reduction in overall morbidity after the minimally invasive approach (33.9% vs. 44.2%), including a lowering of the percentage of surgical site infections (2.9% vs. 8.1%). However, most of the reports found no differences in complication rates between the two approaches. [13] Magge et al. [33] reported equal rates and severity of complications (39% vs. 50%) in 62 patients undergoing distal pancreatectomy for early-stage ductal adenocarcinoma, and found that conversion to an open procedure was associated with poor outcome. Similarly, Jayaraman et al. [34] compared 343 LDP vs. 236 ODP and found that patients who required conversion had more complications and pancreatic leaks. These findings confirm the need for accurate preoperative patient selection, to identify patients at high risk for conversion and to choose the best approach for each patient and disease presentation.
Post-operative pancreatic fistulas (POPF) remain the most feared complication, but the incidence is variable among different surgeons, partly because of different definitions of POPF. We strictly applied the International Study Group for Pancreatic Fistulae (ISGPF) definition of POPF and, considering only grade B and C fistulae, we found no differences between the two groups, with one case of POPF in both (8.3%). [9] A large multicenter study, using the same ISGPF criteria, found no difference in pancreatic leaks between the laparoscopic and the open approach. [35] Similarly, a meta-analysis of 18 studies reported a similar incidence of grade B-C fistulae after either the laparoscopic or the open approach. [14] Velanovich et al. [36] reported a rate of POPF of 13% in both groups, whereas Kooby et al. [37] reported 26% POPF in LDP and 32% in ODP. Another series showed 14% POPF in LDP (n = 70) vs. 13% after open surgery (n = 45), similar to the report of Corcione et al. [38] (10.4% in LDP). In contrast, Fox et al. [39] reported a higher incidence of POPF in LDP (28.57%) compared to ODP (13.16%), but LDP led to only grade A fistulae, while all the grade B-C fistulae occurred in the ODP group. The occurrence of POPF varies widely between surgeons, and this may be attributable to the criteria adopted for definition rather than to the surgical technique. A meta-analysis of the most popular techniques (sutures, stapled closure, combination of both, with or without fibrin glue) did not identify one as being the most safe. [40] A multicenter RCT performed in 21 European hospitals found that hand-sewn sutures and closure with stapler were equally effective after distal pancreatectomy, but the identification and suture of a transected pancreatic duct is the only technique able to reduce the incidence of POPF. [41, 42] Our standardized technique and the use of a stapled closure of the pancreatic remnant, despite the low number of patients, has proven to be safe, without significant morbidity or mortality, and with similar re-admission rates between groups.
In our experience the LDP group showed reduced pain intensity measured on the standard VAS scale (median 4 vs. 6) during the first 2 postoperative days, allowing reduced use of analgesics and earlier mobilization. Similarly, resumption of bowel canalization (median 48 vs. 96 h) and solid oral feeding (median 2 vs. 3 days) were shortened with LDP, compared with ODP.
An ERAS protocol was applied in all patients, as previously reported. [10] These programs, introduced for colorectal surgery, have been progressively adopted by other surgical specialities, leading to a reduction of postoperative morbidity and a shortening of LoS. [43] Pancreatic surgery is still a high risk procedure, but several non-randomized trials have demonstrated that ERAS in pancreatic resections is safe and feasible. [44] In our study, the use of minimally invasive surgery together with recommendations of the ERAS programme have shown complementary roles, speeding recovery and shortening LoS.
Consistent with previous studies, the hospital LoS was significantly reduced in patients treated with minimally invasive approach (median 8 vs. 11.5 days in LDP and ODP groups, respectively). Venkat et al. [14] found a 4 days reduction in LoS with LDP, whereas Cao et al. [12] in a large population-based analysis, reported a mean LoS of 8.62 days in the laparoscopic group vs. 10.76 days in the open one. Pericleous et al. [15] in their meta-analysis of case-matched studies, reported a reduced LoS of 2.7 days, similar to other groups, who reported a reduction of LoS of 2.7 to 5 days for LDP, compared with ODP. Very recently, a Cochrane review found that mean LoS was shorter by 2.43 days in the minimally invasive group compared with the open surgery group. [17] Hospital stay is considered an important evaluation index in laparoscopic surgery. Thus, our finding is interesting and probably related to the implementation of ERAS protocol, with earlier weaning from i.v. analgesia and earlier canalization. Interestingly, a significant relationship between LoS and age was found only in the ODP group.
Cost effectiveness of a procedure has become important, given that resources are limited and cost control is necessary, particularly in the Italian health system. Unfortunately, our analysis is not generalizable to different countries, because of variations in the different health systems' reimbursements and practices. [12] A simplistic trade-off between operative costs and LoS may lead to a rough estimate, resulting in higher cost for the minimally invasive approach. [45] Furthermore, technologic advances and availability of new stapler and vessel-sealing devices, have improved the minimally invasive approaches, but simultaneously increased the costs of the procedure. We found an additional cost of €537 for each minimally invasive distal pancreatectomy, compared with a traditional open operation (see Results). However, in their meta-analysis, Nigri et al. [46] argued that devices are often equally used in LDP and ODP, but other practices or habits may influence results.A Korean single-centre study found significantly higher total costs for LDP, but LoS in this series was higher than any other published study (11.5 ± 4.1 days for LDP and 13.5 ± 4.9 days for ODP), reflecting the importance of different practices. [47] All subsequent studies found that although the operative costs were higher for minimally invasive procedures, decreased LoS after laparoscopic resection balanced, at least, overall costs. [30, 48] Rutz et al. [7] found a mean operative cost of $4,900 for ODP and $5,756 for LDP, but calculated a mean total cost of care of $13,900 for the open procedure vs. $10,480 for the laparoscopic one. In this study, we accurately evaluated the overall expenses of the procedures, calculating device, equipment and all disposable costs as electronically cataloged. Similar to other studies, we calculated the costs for a longer LoS in ODP vs. LDP (median 11.5 vs. 8 days), and we found an advantage of costs for the hospital stay favoring the minimally invasive approach vs. the open technique (mean cost, €5,169 vs. €6,279.5).
Undoubtedly, reduction of hospital stay impacts expenses, lowering the overall cost of postoperative management. Furthermore, the minimally invasive approach contributes to reduction of postoperative pain and earlier ambulation, favouring an earlier discharge of patients. Consistent with our findings, Fox et al. [39] found a shorter LoS and a reduction of total hospital costs for LDP (n = 42), compared with ODP (n = 76), showing that LoS was directly proportional to total costs. Interestingly, Braga et al. [28] suggested that the cost-benefit analysis should consider not only the hospital charges, but also the cosmesis and quality of life of the patients to fully evaluate the minimally invasive approach. Notably, in our study the postoperative complications and readmission rate were similar. Ahmad et al. [49] found that postoperative complications and higher transfusion requirements, or the presence of chronic pancreatitis, had a significant impact on 30-and 90-day readmission rates.
Our study has several limitations. The main one is that it utilized retrospective data, which may introduce selection bias and allow missing information. Demographics, histology, and tumour size were similar in both groups, despite the absence of randomization. However, the number of patients in our series was low, but all available studies are similar cohort-like or case-control studies from single centres, with few patients. Unfortunately, no long-term data are available in our series, but a lack of long-term results and follow-up is common, as a result of the rarity of this type of disease and heterogeneity of the studies. Particularly, longterm data on recurrence of pancreatic carcinomas are scarce, and larger comparative studies are needed. [20] Rehman et al. [28] found no significant differences in 3-year OS between laparoscopic (n = 8) or open (n = 14) distal pancreatectomy for pancreatic adenocarcinoma (82% vs. 74%). Similarly, Hu et al. [50] compared 11 LDP and 23 ODP and found a mean OS 42.0 ± 8.6 months vs. 54.0 ± 5.8 months. The Central Pancreas Consortium reported the same median OS (16 months) after both procedures, in matched cohorts, suggesting that oncologic outcomes are similar and independent of the surgical approach. [6] In conclusion, our experience confirms that the minimally invasive surgical treatment of tumours of the distal pancreas is safe and feasible. Laparoscopic pancreatectomy offers several advantages compared with open surgery, including a significant reduction of estimated blood loss, reduced postoperative pain intensity, and earlier bowel canalization. However, implementation of minimally invasive pancreatectomy requires specific skills and adequate training, both in advanced laparoscopic surgery and in pancreatic surgery. Additional research and adequate RCTs are needed before the technique can be considered the "gold-standard" for distal pancreatectomies, to assess oncologic results and long-term outcomes. Finally, the costs of laparoscopic surgery should be carefully reevaluated before concluding that they are greater than those of open surgery. 
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